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ABSTRACT 



In transmitting ten-bit word string data including synchro- 
nous word data converted, at a transmitting side, from 
eight-bit word string data, representing signal information 
data synchronization required for reproducing the signal 
information is reliably established at a receiving side. An 
additional word data group containing eight-bit synchronoiis 
word data is inserted between words of the eight-bit word 
string data. Then, 8B-10B conversion is performed on the 
eight-bit word string data, thereby obtaining ten-bit word 
string data. In this case, the additional word data group is 
selected so that a running disparity of the ten-bit synchro- 
nous word data contained in the additional word data group 
of the composite ten-bit synchronous word data is consis- 
tently positive or negative. 

22 Claims, 6 Drawing Sheets 
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FIG. 3 
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FIG. 6 
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DATA TRANSMISSION METHOD AND 
APPARATUS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a data transmission 
method and apparatus for converting eight-bit word string 
data representing signal information, such as video signal 
information, converted from ten-bit word string data, into 
ten-bit word string data including synchronous word data, 
and for transmitting the converted data to a transmission 
channel. 

2. Description of the Related Art 

As one of the means for transmitting digital data indicat- 
ing various signal information, such as video signal 
information, an optical transmission system is proposed in 
which digital data is converted into a light signal, and is 
transmitted through a transmission channel, which is formed 
of optical fiber. Digital data handled in this type of optical 
transmission system is converted into serial data having a bit 
rate of, for example, a few hundreds of Mbps to one Gbps. 

Digital data handled in one of the optical transmission 
systems, e.g., in a fiber channel system, is converted in the 
following manner. At the transmitting side, eight-bit word 
string data (eight bits forms one word) is converted into 
ten-bit word string data (ten bits forms one word), i.e., 
8B-10B conversion is performed. Further, parallel-to-serial 
conversion is performed on the resulting ten-bit word string 
data, thereby obtaining serial data. At the receiving side, 
serial-to-parallel conversion is performed on the received 
serial data. Then, the ten-bit word string data is converted 
into the original eight -bit word string data, i.e., 10B-8B 
conversion is conducted. 

The digital data to be transmitted as the ten-bit word string 
data through the transmission channel, which is formed of an 
optical fiber, in the fiber channel system is compliant with 
the data format such as the one shown in FIG. 6. In this data 
format, a packet is formed as the smallest imit, which is 
referred to as a "frame". The entire frame shown in FIG. 6 
has 2148 bytes, and is formed of a 4-byte frame start field, 
a 24-byte frame header field, a 64-byte optional header field, 
a 2048-byte payload field, a-4-byte error check field, and a 
4-byte frame end field. Among these frame fields, the 
2048-byte payload field stores ten-bit word string data 
representing signal information. More specifically, at the 
transmitting side, a plurality of frames, each storing the 
ten-bit word data having a maximum amount of 2048 bytes 
in the payload field, are formed, and are sequentially trans- 
mitted. Upon receiving the frames, the receiving side 
extracts the ten-bit word string data from the payload fields 
of the individual frames. 

In the above-described ten-bit word string data, the num- 
ber of ones may be greater than the number of zeros, or the 
number of zeros may be greater than the number of ones, or 
the number of ones and the number of zeros may be equal. 
This can be represented by the concept of "running disparity 
(RD)". When the number of ones is greater than the number 
of zeros, RD is positive. When the number of zeros is larger 
than the number of ones, RD is negative. When the number 
of ones and the number of zeros are equal, RD is neutral. The 
word data having a greater number of ones than zeros is 
referred to as the "word data having a positive RD". The 
word data having a greater number of zeros than ones is 
referred to as the "word data having a negative RD". The 
word data having the same number of ones and zeros is 
referred to as the "word data having a neutral RD (neutral 
word data)". 
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In conducting lOB^B conversion on the received ten -bit 
word string data, it is necessary for the receiving side to 
correctly identify the individual ten-bit word string data. 
Accordingly, at the transmitting side, synchronous word data 

5 is suitably inserted in the ten-bit word string data to be 
transmitted as serial data. Although the synchronous word 
data is also ten-bit word data, it has a specific code, which 
is not xised for the regular ten-bit word data indicating 
information to be transmitted. If the RD of the word data 

10 positioned immediately before the synchronous word data to 
be inserted is negative, the RD of the synchronous word data 
is determined to be positive. Conversely, if the RD of the 
word data immediately before the synchronous word data to 
be inserted is positive, the RD of the synchronous word data 

15 is determined to be negative. 

The synchronous word data may be ten-bit word data 
DS(IO), whose code name is referred to as "K28.5". FIG. 7 
illustrates such ten-bit word data DS(IO). When the CRD, 
which is the RD of the previous word data, is negative (-), 

20 the word data DS(IO) results in "001111 1010" having a 
positive RD. In contrast, when the CRD, which is the RD of 
the previous word data, is positive, the word data DS(IO) 
results in "110000 0101" having a negative RD (hereinafter 

. "001111 1010" is referred to as "+K28.5", while "110000 

25 0101" is referred to as "K28.5"), 

It is now assumed that the ten-bit word string data to be 
transmitted designates video signal information. To enhance 
the transmission efiSciency, it is desired that the greatest 
possible number of ten-bit word string data be stored in the 
payload field of each frame. Thus, at the transmitting side, 
ten-bit word string data corresponding to many horizontal 
periods of the video signal are stored in the payload field of 
each frame. Meanwhile, to establish horizontal synchroni- 
zation in performing data processing by the receiving side, 
it is desired that synchronous word data be inserted in the 
ten-bit word string data corresponding to every horizontal 
period of the video signal. 

To fulfil the above-mentioned function of the synchronous 

^ data, it is now assumed that the synchronous data is inserted 
as +K28.5 or -K28.5 according to whether the RD of the 
previous word data is negative or positive, as stated above. 

~ As discussed above, at- the. transniitting side of, for 
example, the fiber channel system, many frames are formed 

45 in which ten-bit word string data, added with the word data 
DS(IO) as the synchronous word data, are stored in the 
payload fields. The frames are then sequentially transmitted. 
Upon receiving the frames, the receiving side extracts the 
ten-bit word string data from the payload field of each frame 

50 and detects the synchronous word data, generally, as 
follows, before processing the ten-bit word string data. Only 
the word data DS(IO) having a positive RD, i.e., +K28.5, is 
detected as the synchronous data. Alternatively, only the 
word data DS(IO) having a negative RD, i.e., -K28.5, is 

55 detected as the synchronous data. This is because a prede- 
termined restriction is imposed on the addition of the 
synchronous word data to the ten-bit word string data. Due 
to this restriction, it is sufiBcient for the receiving side to 
detect only +K28.5 or -K28.5 of the synchronous word data, 

60 However, if only the word data DS(10) having a positive 
RD, i.e., +K28.5, or only the word data DS(IO) having a 
negative RD, i.e., -K28.5, is detected, the following prob- 
lem is caused when the receiving side performs data pro- 
cessing under the following situation. That is, to fulfil the 

65 function of the synchronous word data, as stated above, the 
word data DS(IO) having a positive RD, i.e., +K28.5, or the 
word data DS(IO) having a negative RD, i.e., -K28.5, is 
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inserted in the ten-bit word string data corresponding to digital data forming unit for forming eight-bit word string 

every horizontal period of the video signal according to data indicating signal information, A ten-bit word string data 

whether the RD of the previous word data is negative or forming unit inserts an additional word data group including 

positive. specific synchronous word data and at least one item of 

More specifically, if only +K28.5 or -K28.5 is detected as 5 auxiliary word data, each data having eight bits and a 

synchronous data at the receiving side, the synchronous predetermined code, between words of the eight-bit word 

word data cannot be detected for the ten-bit word string data string data in accordance with a predetermined timing 

corresponding to every horizontal period of the video signal signal, and converts the eight-bit word string data pi-ovided 

in processing the ten-bit word string data. As a result, in the additional word data group into ten-bit word slnng 

reproducing the video signal information represented by the lo data, thereby formmg composite ten-bit word stnng data 

ten-bit word string data,^rrect horizontal synchronization ^^^'''^"l^^ ^^'^ group containing ten-bit 

V i_T u J synchronous word data which is converted from the Specific 

may not be rebably established. ^ , j j * a j * * •* * 

i, , / . synchronous word data. A data transmittmg unit transmits 

Consequently in transmitting digital data representmg composite ten-bit word string data. The ten-bit word 

varioussignal information such as videos^ f^^- ^^-^ ^^^^^ additional word data 

accompanied by the 8B-10B conversion and the addiUon of 15 ^^^^^^^ ^^^^^ ^^^^ ^^^^ ^ 

the synchronous word data at the transmitting side and the ^^^^ synchronous word data contained 

detection of the synchronous word data and the 10B-8B ^ ^^^-^^^^^ ^^^^ ^^^^ ^j^^ composite ten-bit 

conversion at the receiving side, the use of integrated circuit sy^^ehronous word data is consistently positive or negative. 

(IQ devices for processing digital data m, for example, the . , c . - / ^ . . • • 

\t_ , , ^ i_ j-ri- 1* T» • *i- il ^« According to the aforementioned data transmission 

fiber channel system, becomes difficult. By using the above 20 jjj.. ^ 

rj/^j • *u jj* T^o/^A\l. • method aud data transmissiou apparatus, as discusscd above, 

types of IC devices, the word data DS(IO) havmg a positive . j * • j / . i_ . J 

nr^ ■ ir-io \u J J * i-ko/iAM. • *■ the composite ten-bit word stnng data to be transmitted 

RD, i.e., +K28. 5, or the word data DS(IO) havmg a negative u j j * * *i u - 

r»TA • T^^o J • ' .J u J J * mcludes ten-bit synchronous word data constantly havmg a 

RD, I.e., -K28.5, IS mserted as the synchronous word data /. e u * u% u a 

. !u ! U-* J * • J * A' * positive or negative RD. Such ten-bit synchronous word 

m the ten-bit word stnng data correspondmg to every *, , . * . u *u j j * t^c>/ia\ u • r»T-. 

. . , , c ' 1 J- * u *u *u ni-i f data is set to be the word data DS(IO) havmg a positive RD, 

horizontal penod of a signal according to whether the RD of 25 , e *u jj* T^e/in\u • r 

. *^ . . r r 4U I.e., +K28.5, or the word data DS(IO) having a negative RD, 
the previous word data is negative or positive. Thus, the . ' .^-^ e t* • j . • j u *u *i. * u 
L J L J ui • J . ^- *u u I.e., -K28. 5. It is determmed whether the ten-bit synchro- 
above-described problems occur m detectmg the synchro- , , . . • j • .1. . l-* j 
J J , r *!. * J * • J * . *u nous word data contained in the composite ten-bit word 
nous word data from the ten-bit word strmg data at the . • j . * ^1 . *• j- 

.... ® stnng data constantly exhibits positive or negative according 

receiving side. , f • . nr-. • r fu u 

* to which RD, I.e., positive or negative, of the synchronous 

SUMMARY OF THE INVENTION word data the receiving side detects. 

Accordingly, in view of the above background, it is an The composite ten-bit word string data transmitted as 

objectof the present invention to provide a data transmission described above can be correctly and suitably detected as 

method and apparatus in which, after transmitting ten-bit synchronous word data required for converting from the 

word string data including synchronous word data, con- 35 ten-bit word string data into the eight-bit word string data by 

verted fi-om eight-bit word string data representing signal the receiving side. It is thus possible to reliably establish 

information, such as video signal information, data data synchronization required for reproducing signal infor- 

synchronization, which is required for reproducing the sig- mation represented by the received composite ten-bit word 

nal information, such as converting the ten-bit word string string data by the receiving side. 

data into the eight-bit word string data, is reliably estab- 40 According to the aforementioned data transmission 

lished at the receiving side even if only the synchronous method and data transmission apparatus, integrated circuit 

"word data having a positive- RD or, only the synchronous (IC) devices provided for digital data processing in, for 

word data having a negative RD is detected at the receiving '~ example, a fiber channel system, can be effectively utilized, 

side. The additional word data group contained in the compos- ~ 

In order to achieve the above object, according to one 45 ite ten-bit word string data may be formed of four, three, or 

aspect of the present invention, there is provided a data two word data. 

transmission method including: a receiving step of receiving It is now assumed that the additional word data group 

eight-bit word string data indicating signal information; an contained in the composite ten -bit word string data has four 

insertion step of inserting an additional word data group word data. When the RD of ten-bit word data positioned 

including specific synchronous word data and at least one 50 immediately before the additional word data group is 

item of auxiliary word data, each data having eight bits and positive, the additional word data group of the composite 

a predetermined code, between words of the eight-bit word ten-bit word string data may include ten-bit word data 

string data in accordance with a predetermined timing having a negative RD, ten-bit word data having a neutral 

signal; a conversion step of converting the eight-bit word RD, ten-bit synchronous word data having a positive RD, 

string data provided with the additional word data group into 55 and another ten-bit word data, or may include the ten-bit 

ten-bit word string data; a forming step of forming compos- word data having a negative RD, the ten-bit synchronous 

ite ten-bit word string data including the additional word word data having a positive RD, and another ten-bit word 

data group containing ten-bit synchronous word data which data. Conversely, when the RD of ten-bit word data posi- 

is converted from the specific synchronous word data; and a tioned immediately before the additional word data group is 

transmission step of transmitting the composite ten-bit word co negative, the additional word data group of the composite 

string data. In the above-described insertion step, the addi- ten-bit word string data may include ten-bit word data 

tional word data group is selected so that the RD of the having a neutral RD, another ten-bit word data having a 

ten-bit synchronous word data contained in the additional neutral RD, the ten-bit synchronous word data having a . 

word data group of the composite ten-bit synchronous word positive RD, and another ten-bit word data, or may include 

data is consistently positive or negative. 65 the ten-bit word data having a neutral RD, the ten-bit 

According to another aspect of the present invention, synchronous word data having a positive RD, and another 

there is provided a data transmission apparatus including a ten-bit word data. 
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Alternatively, when the RD of ten-bit word data posi- 
tioned immediately before the additional word data group is 
negative, the additional word data group of the composite 
ten-bit word string data may include ten-bit word data 
having a positive RD, ten-bit word data having a neutral RD, 5 
ten-bit synchronous word data having a negative RD, and 
another ten-bit word data, or may include the ten-bit word 
data having a positive RD, the ten-bit synchronous word 
data having a negative RD, and another ten-bit word data. 
Conversely, when the RD of ten-bit word data positioned 
immediately before the additional word data group is 
positive, the additional word data group of the composite 
tea-bit word string data may include ten-bit word data 
having a neutral RD, another ten-bit word data having a 
neutral RD, the ten-bit synchronous word data having a 
negative RD, and another ten-bit word data, or may include 
the ten-bit word data having a neutral RD, the ten-bit 
synchronous word data having a negative RD, and another 
ten-bit word data. 

It is now assumed that the additional word data group 
contained in the composite ten-bit word string data is formed 20 
of three word data. When the RD of ten-bit word data 
positioned immediately before the additional word data 
group is positive, the additional word data group of the 
composite ten-bit word string data may include ten-bit word 
data having a negative RD, ten-bit word data having a 25 
neutral RD, and ten-bit synchronous word data having a 
positive RD, or may include the ten-bit word data having a 
negative RD and the ten-bit synchronous word data having 
a positive RD. Conversely, when the RD of ten-bit word data 
positioned immediately before the additional word data 30 
group is negative, the additional word data group of the 
composite ten-bit word string data may include ten-bit word 
data having a neutral RD, another ten-bit word data having 
a neutral RD, and the ten-bit synchronous word data having 
a positive RD, or may include the ten-bit word data having 35 
a neutral RD and the ten-bit synchronous word data having 
a positive RD. 

Alternatively, when the RD of ten-bit word data posi- 
tioned immediately before the additional word data group is 
negative, the additional word data group of the composite 40 
ten-bit word string data may include ten-bit word data 
having a positive RD, ten-bit_ word data having a neutral RD, 
and ten-bit synchronous word data having a'negative RD, or - 
may include the ten-bit word data having a positive RD and 
the ten-bit synchronous word data having a negative RD. 45 
Conversely, when the RD of ten-bit word data positioned 
immediately before the additional word data group is 
positive, the additional word data group of the composite 
ten-bit word string data may include ten-bit word data 
having a neutral RD, another ten-bit word data having a 50 
neutral RD, and the ten-bit synchronous word data having a 
negative RD, or may include the ten-bit word data having a 
neutral RD and the ten-bit synchronoxis word data having a 
negative RD. 

It is now assumed that the additional word data group 55 
contained in the composite ten-bit word string data is formed 
of two word data. When the RD of ten-bit word data 
positioned immediately before the additional word data 
group is positive, the additional word data group of the 
composite ten-bit word string data may include ten-bit word 60 
data having a negative RD and ten-bit synchronous word 
data having a positive RD. Conversely, when the RD of 
ten-bit word data positioned immediately before the addi- 
tional word data group is negative, the additional word data 
group of the composite ten-bit word string data may include 65 
ten-bit word data having a neutral RD and the ten-bit 
synchronous word data having a positive RD. 
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Alternatively, when the RD of ten-bit word data posi- 
tioned immediately before the additional word data group is 
negative, the additional word data group of the composite 
ten-bit word string data may include ten-bit word data 
having a positive RD and ten-bit synchronous word data 
having a negative RD. Conversely, when the RD of ten -bit 
word data positioned immediately before the additional 
word data group is positive, the additional word data group 
of the composite ten-bit word string data may include ten-bit 
word data having a neutral RD and the ten-bit synchronous 
word data having a negative RD. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram illustrating a data transmission 
apparatus which employs a data transmission method 
according to an embodiment of the present invention; 

FIG. 2 is a timing chart illustrating an operation per- 
formed by the data transmission apparatus shown in FIG. 1; 

FIG. 3 illustrates the concept of auxiliary word data used 
in the data transmission apparatus shown in FIG. 1; 

FIG. 4 is a block diagram illustrating a data receiving 
apparatus for receiving data transmitted from the data trans- 
mission apparatus shown in FIG. 1; 

FIG. 5 is a timing chart illustrating an operation per- 
formed by the data receiving apparatus shown in FIG. 4; 

FIG. 6 illustrates the concept of a "frame" used in 
transmitting digital data; and 

FIG. 7 illustrates the concept of synchronous word data 
used in transmitting digital data. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The present invention is described below in detail through 
illustration of a preferred embodiment. 

Referring to the block diagram of a data transmission 
apparatus according to an embodiment of the present inven- 
tion shown in FIG. 1, ten-bit word siring data SVA(10), 
SVB(IO), and SVC(IO), representing three types of video 
signal information, are supplied to a data multiplexer 11. 
Word clock signals CWA and CWB are supplied from a 
word clock generator 12 to the data multiplexer 11. The 
ten-bit word string data SVA(10), SVB(IO), and SVC(IO) - 
are multiplexed in the data multiplexer 11 based on the word 
clock signals CWA and CWB while synchronizing the 
horizontal periods of the individual data with each other, 
thereby forming multiplexed ten-bit word string data 
DX(10). The multiplexed ten-bit word string data DX(10) is 
configured, as indicated by A of FIG. 2, such that the 
individual horizontal periods are formed of corresponding 
ten-bit word data (AO through A9), (AlO through A19), 
(A20 through A29), and so on, and corresponding ten-bit 
word data (BO through B9), (BIO through B19), (B20 
through B29), and so on. In each horizontal period of the 
multiplexed data DX(10), the horizontal periods of the 
corresponding three types of video signal information SVA 
(10), SVB(IO), and SVC(IO) are multiplexed and stored. 

The multiplexed ten-bit word string data DX(IO) is sup- 
plied from the data multiplexer 11 to an eight-bit word string 
data forming unit 13. Supplied to the eight-bit word string 
data forming unit 13 are not only word clock signals CWB 
and CWC transmitted from the word clock generator 12, but 
also a common horizontal synchronous signal SH, which is 
used for all the video signal information SVA(10), SVB(10), 
and SVC(IO). In the eight-bit word siring data forming unit 
13, 10B-8B conversion is performed on the multiplexed 
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ten-bit word string data DX(10), based on the word clock 
signals CWB and CWC, by using the leading edge of the 
horizontal synchronous signal SH as a reference point, as 
indicated by B of FIG. 2, thereby forming multiplexed 
eight-bit word string data DX(8) converted from the multi- 5 
plexed ten-bit word string data DX(10). 

The multiplexed eight-bit word string data DX(8) is 
configured, as shown by C of FIG, 2, such that the individual 
horizontal periods are formed of corresponding eight-bit 
word data (AO through A7), (A8 through A15), (A16 lo 
through A23), and so on, and corresponding eight-bit word 
data (BO through B7), (B8 through B15), (B16 through 
B23), and so on. In each horizontal period of the multiplexed 
data DX(8), the horizontal periods of the corresponding 
three types of video signal information SVA(10), SVB(IO), 15 
and SVC(IO) are multiplexed and stored. 

The multiplexed eight-bit word string data DX(8) is 
supplied from the eight-bit word string data forming unit 13 
to a ten-bit word string data forming unit 14. Not only the 
word clock signals CWB and CWC transmitted from the 
word clock generator 12, but also, a timing signal STM 
based on the horizontal synchronous signal SH transmitted 
from a timing generator 15, are supplied to the ten-bit word 
string data forming unit 14. Also supplied to the ten-bit word 
string data forming unit 14 are a first additional word data 
group including four eight-bit word data, such as auxiliary 
word data DEB(8), auxiliary word data DEA(8), synchro- 
nous word data DEK(8), and auxiliary word data DEC(8), 
from a word data transmitter 16 and a second additional 
word data group including four eight-bit word data, such as 
auxiliary word data DEC(8), auxiliary word data DEA(8), 
synchronous word data DEK(8), and auxiliary word data 
DEC(8), from a word data transmitter 17. 

In the ten-bit word string data forming imit 14, the first ^5 
additional word data group transmitted from the word data 
transmitter 16 or the second additional word data group from 
the word data transmitter 17 is inserted between words of the 
multiplexed eight-bit word string data DX(8) according to 
the timing signal STM. Then, 8B-10B conversion is 
conducted, based on the word clock signal CWC and CWB, 
on the naultiplexed eight -bit word string data DX(8) pro- 
vided with the firstlidditional word data group or the second . . 
additional word data group. As a result, composite ten-bit 
word string data DZ(10) based on the eight-bit word string 
data DX(8) provided with the first additional word data 
group or the second additional word data group is formed. 

With this arrangement, the synchronous word data DEK 
(8), which is originally eight-bit word data, becomes the 
above-described word data DZ(10) when being converted 50 
into ten-bit word data. Accordingly, the synchronous word 
data DEK(8) is referred to by a code name, i.e., K28.5, when 
being converted into ten-bit word data. If the CRD, which is 
the RD of the word data positioned immediately before the 
synchronous word data DS(10), is negative (-), the synchro- 55 
nous word data DEK(8) becomes +K28.5. Conversely, if the 
CRD of the previous word data is positive (+), the synchnD- 
nous word data DEK(8) becomes -K28.5. 

The auxiliary word data DEA(8), DEB(8), and DEC(8) 
are eight-bit word data, as shown in FIG. 3, indicated by 60 
"Oil 10101", "100 10101", and "101 10101", respectively 
When being converted into ten-bit word data, the auxiliary 
word data DEA(8), DEB(8), and DEC(8) are referred to by 
code names, such as D213, D21.4, and D21.5, respectively. 
If the CRD of the previoiis word data is negative (-), the RD 65 
of D21.3 issetto be neutral, i.e,,"101010 1100".If the CRD 
of the previous word data is positive (+), the RD of D21.3 



is set to be neutral, i.e., "101010 0011". Concerning D21.4, 
if the CRD of the previous word data is negative (-), the RD 
of D21.4 is set to be positive, i.e., "101010 1101" 
(hereinafter referred to as "+D21.4"). If the CRD of the 
previous word data is positive (+), the RD of D21.4 is set to 
be negative, i.e., "101010 0010" (hereinafter referred to as 
"-D21.4"). The RD of D21.5 is always neutral "101010 
1010" regardless of whether the CRD of the previous word 
data is negative or positive. 

In the ten-bit word string data forming unit 14, the first 
additional word data group or the second additional word 
data group is inserted between words of the multiplexed 
eight-bit word string data DX(8) according to the timing 
signal STM in the following manner. The leading edge of the 
multiplexed eight-bit word string data DX(8) (indicated by 
C of FIG. 2) which is shifted backward by four word data 
from each of the eight-bit word data (AO through A7), (BO 
through B7), and so on, corresponding to the leading edge of 
the horizontal synchronous signal SH (represented by B of 
FIG. 2), is first specified according to the timing signal STM. 
Then, the four eight-bit word data positioned from the 
leading edge of the timing signal STM to the leading edge 
of the horizontal synchronous signal SH are substituted with 
the first additional word data group consisting of the auxil- 
iary word data DEB(8), the auxiliary word data DEA(8), the 
synchronous word data DEK(8), and the auxiliary word data 
DEC(8), or the second additional word data group consisting 
of the auxiliary word data DEC(8), the auxiliary word data 
DEA(8), the synchronous word data DEK(8), and the aux- 
iliary word data DEC(8). 

More specifically, if the RD of the eight-bit word data of 
the multiplexed eight-bit word string data DX(8) immedi- 
ately before the leading edge of the timing signal STM, that 
is, the eight-bit word data which is shifted backward by five 
word data from the leading edge of each of the eight-bit 
word data (AO through A7), (BO through B7), and so on, 
corresponding to the leading edge of the horizontal synchro- 
nous signal SH, exhibits positive RD (+) when being con- 
verted into ten-bit word data, the aforementioned four eight- 
bit word data positioned from the leading edge of the timing 
signal STM to the leading edge of the horizontal synchro- 
nous signal SH is substituted with the first additional word 
data group. In contrast, if the above -described eight-bit word 
data immediately before the leading edge of the timing 
signal STM exhibits negative RD (-) when being converted 
into ten-bit word data, the aforementioned four eight-bit 
word data is substituted with the second additional word 
data group. 

Subsequently, according to the timing signal STM, 
8B-10B conversion is performed on the multiplexed eight- 
bit word string data DX(8) provided with the first additional 
word data group or the second additional word data group, 
thereby forming the composite ten-bit word string data 
DZ(10). In this case, the synchronous word data DEK(8) is 
converted into K28.5, while the auxiliary word data DEA 
(8), DEB(8), and DEC(8) are converted into D21.3, D21.4, 
and D21.5, respectively. 

The eight-bit word data (AO through AT), (BO through 
B7), etc., each having the leading edge corresponding to the 
leading edge of the horizontal synchronous signal SH, are 
converted into ten-bit word data (A'O through A'9), (B'O 
through B'9), etc. Then, eight-bit word data (A8 through 
A15), (A16 through A23), and so on, after the eight-bit word 
data (AO through A7) are converted into ten-bit word data 
(A'lO through A'19), (A'20 through A'29), and so on, after 
the ten-bit word data (A'O through A'9). Similariy, eight-bit 
word data (B8 through B15), (B16 through B23), and so on. 
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after the eight-bit word data (BO through B7) are converted eight-bit word data contaiaing the synchronous word data is 

into ten-bit word data (BIO through B'19), (B'20 through inserted. In this case, the word data transmitter 16 may 

B'29), and so on, after the ten-bit word data (B'O through transmit the auxiliary word data DEB(8), the synchronous 

word data DEK(8), and the auxiliary word data DEC(8), 
Inthecompositeten-bitwordslringdataDZ(10)obtained S while the word data t^^^^^ may transmit the auxil- 
, . u ^ Au T\ A c f *u lary word data DEC(8), the synchronous word data DEK(8), 
as descnbed above, as represented by D and E of FIG. 2, the i . ^ {\ , Anr-zos tv iu i a- a 
„ ^ .1. 1 i- J r • and the auxiliary word data DEC(8). Then, the leadmg edge 
four ten-bit word data after the leading edge of the timing u- i j • u* u * j /• a I rw/o\ u* u- 
lori^x J r • -^j jj.u J of the multiplexed eight-bit word strmg data DX(8) which IS 
signal STM are used as four mserted word data based on the u a ^ u X a a * p u f *u • u* u -. a 
„^ .... , J J . J J J-.- 1 shifted by three word data from each of the eight-bit word 
first additional word data group or the second additional , ^ *u u a^tx *u u titn * u • *u 
word data group. If the RD of the ten-bit word data imme- « f (^0 through AT). CBO through B7). etc. having he 
, I 1- .r 1 J- r .t ' • 1 • leading edge correspondmg to the leadmg edge of the 
diately before the leading edge of the timmg signal STM IS u • ♦! i, * i cu « u j ^ 
i- \ r • J J J . • u J .1. £ * horizontal synchronous signal SH, may be Specified accord- 
positive (+), the four inserted word data is based on the first . * *u • • i ot-kji c u *i ♦u • u* u-* 
jj- • 1 J J . T *u r • _* J mg to the timmg signal STM. Subsequently, three eight-bit 
additional word data group. In this ca^ the four mserted ^^^^ ^^^^ ^^^^ ^^^^ f^^j 

word data sequentiaUy consols of -D21.4 converted from j ^ j^^^j ^ ^ , ^ ^^^^ 

the auxihary word data DEB(8) D2^^^ converted from toe 15 ^S^^ ^^J^^^ ^.^^ J^^^^^^ 

auxihary word data DEA(8), +K28.5 converted from the , , ^. j j * * i ^ 

u J J * T^i//o\ J e -* J c word data group sent from the word data transmitter 16 or 

synchronous word data DEK(8), and D21.5 converted from a aa^- % a a * * f *u a 

... J , , T^T^r^\ r^ 1 -c^x. nj^ c.u the secoud additional word data group Sent from the word 

the auxihary word data DEC(8) . Conversely, if the RD of the ^^^^ transmitter 17 

ten-bit word data immediately before the leading edge of the , r.u -u. u-. jj* • . i u r 

timing signal STM is negative (-). the four inserted word 20 In this case if the eight-bit word data immediately before 

data ^ baled on the second additional word data group. In ^ °f '^^"8^'"^" 

this case, the four inserted word data sequentially consists of "^"l^ /!^'» ^^^^ four word da a from each of the 

D21.5 converted from the auxihary word data DEC(8), "ght-bit word data (AO through AT), (BO through BT). etc 

D21.3 converted from the auxihary word data DEA(8), havmg the leading edge corre3)ond,^ to the leading edge of 
+K28.5 converted from the synchronous word daU DEK(8), 25 ^.e horizontal synchronous signal SH, exhibite positive (+) 
and D21.5 converted from the auxihary word data DEC(8). 'J^" ^""f converted mto ten-bi word data, three 

eight-bit word data positioned from the leading edge or the 
Hence, according to the composite ten-bit word string ^ ^^^^ the horizontal 
data DZ(10) formed by the ten-bit word strmg data fonning synchronous signal SH may be replaced with the first 
unit 14, the ten-bit synchronous word data havmg a positive additional word data group. On the other hand, if the 
RD, i.e. +K28.5, rehably exists at the position shifted above-described eight-bit word data immediately before the 
backward by two word data from each of the ten-bit word 1^^^^ ^ ^f the timing signal STM exhibits negative (-) 
data (A'O through A'9), (B'O through B'9). and so on. ^^^^^ ^eing converted into ten-bit word data, the afore- 
converted from the eight-bit word data (AO through AT), (BO mentioned three eight-bit word data may be replaced with 
through BO through BT), and so on respectively, havmg the ^^^^ additional word data group, 
leading edge correspondmg to the leadmg edge of the ^ ^^^^ ^ ^^^ ^^.^ ^^^^ ^^^^ 

horizontal synchronous signal SH. That is, the ten-bit word r - % *u« i 

/ . .-^ 1 . . jj-.- 1 J formmg umt 14, the first additional word data group or the 

string data forming unit 14 selects the first additional word j jjv i a a » a a '*u * - u* 

^ ,^ jj. second additional word data group provided with two eight- 

data eroup or the second additional word data group to be j j * * • • *u u a a * • 

7 , bit word data contammg the synchronous word data is 

mserted between words of the muUip exed eight-tit word ^^^^^ ^^^^^ ^^^^^ multiplexed eight-bit word 

strmg data DX(8) so as to satis^ the above-descri,ed ^^^^ ^ ^^^^ ^^^^ transmitter 16 

requirement. That is, the composite ten-bit word strmg data \/ a a , T^r:r^/o\ a *u 

1 - • T^-io J r A niay transmit the auxihary word data DEB(8) and the 

DZ(10) always contains '+K28 .5 m the mserted four word , jj, r\rjir/o\ ui aa* * 

^ ' ' ~ synchronous-word.data DEK(8), while the word data trans- 

^' mitter 17 may transmit the auxiliary wo"rd data DEC(8) and- 

The resulting composite ten-bit word string data DZ(10) ^^e synchronous word data DEK(8). Then, the leading edge 

containing +K28.5 is supplied to a parallel-to-serial (P/S) of multiplexed eight-bit word string data DX(8) which is 

converter 18, which forms a data transmitting unit. The ^^f^^^^ ^y two word data from each of the eight-bit word 

composite ten-bit word string data DZ(10) is then converted ^j^ta (AO through A7), (BO through B7), etc. having the 

into serial data DZS in the P/S converter 18. Subsequently, leading edge corresponding to the leading edge of the 

the serial data DZS is transmitted from the P/S converter 18 horizontal synchronous signal SH, may be specified accord- 

via, for example, an optical transmitter. The optical trans- j^g to the timing signal STM. Subsequently, two eight-bit 

mitter converts the serial data DZS into a fight signal, and ^^^^i j^ta positioned from the leading edge of the timing 

transmits it to a data transmission channel, which is formed ^^^^^^ sTM to the leading edge of the horizontal synchro- 

of an optical fiber. uous signal SH may be substituted with the first additional 

In the foregoing embodiment, in the ten-bit word string 55 word data group sent from the word data transmitter 16 or 

forming unit 14, the first additional word data group or the the second additional word data group sent from the word 

second additional word data group provided with four data transmitter 17. 

eight-bit word data containing the synchronous word data is in this case, if the eight-bit word data immediately before 

inserted between words of the multiplexed eight-bit word the leading edge of the timing signal STM, i.e., the eight-bit 

string data DX(8) according to the timing signal STM. In the ^ord data shifted by three word data from each of the 

present invention, however, the number of eight-bit word eight-bit word data (AO through A7), (BO through B7), etc. 

data to be inserted into words of the multiplexed eight-bit having the leading edge corresponding to the leading edge of 

word string data DX(8) is not limited to four, and may be the horizontal synchronous signal SH, exhibits positive (+) 

two or three. RD when being converted into ten-bit word data, two 
It is now assumed that in the ten-bit word string data 65 eight -bit word data positioned from the leading edge of the 

forming unit 14, the first additional word data group or the timing signal STM to the leading edge of the horizontal 

second additional word data group provided with three synchronous signal SH may be replaced with the first 
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additional word data group. On the other hand, if the multiplexed eight-bit word string data DX(8) according to 
above-described eight-bit word data immediately before the the timing signal STM. In this case, the word data trans- 
leading edge of the timing signal STM exhibits negative (-) mitter 16 may send the auxiliary word data DEB(8), the 
RD when being converted into ten-bit word data, the afore- synchronous word data DEK(8), and the auxiliary word data 
mentioned two eight-bit word data may be replaced with the s DEC(8), while the word data transmitter 17 may send the 
second additional word data group. auxiliary word data DEC(8), the synchronous word data 

, - . . , * u% ^ DEK(8), and the auxiliary word data DEC(8). Then, the 

In the foregoing embodiment, the composite ten-bit word , j- j r .i. i.- i j • i.* j j* 

J * rTrrr^Z, r j • !». * j * * j * leading edge of the multiplexed eight-bit word stnng data 

strmg data DZ(10), formed in the ten-bit word stnng data i^wo\ i.- t_ • x. c. .t. j j * r i_ r.u 

f - uTa i * • r»T-i • v-to e DX(8) which IS shifted by three word data from each of the 

formmg unit 14, always contams a positive RD, I.e., +K28. 5, Au-* jj* /aa*u uA'T\/rtA*u u m\ * 

in the first or ;econd additional word data group. In the lo eight-b,t word data (AO through AT), (BO through B^. eta 

, . . V * L-* J havmg the leading edge corresponding to the leading edge of 

present mvention, however, the composite ten-bit word u • * i u • t eu u j 

string data DZ(10) may always «x.ntain a negative RD. i.e., honzontal synchronous signal SH may be spec|fied 

™f _ . ^C^f. \ ^ j J J ** 1 J J * accordmg to the leadmg edge of the timing signal STM. 

-K28 .5, m the first or second additional word data group, ™ *u • u. uf jj* jr. *i. 

&- r Thereafter, the three eight-bit word data positioned from the 

' In this modification, as well as in the foregoing leading edge of the timing signal STM to the leading edge 

embodiment, the number of eight-bit word data including ^he horizontal synchronous signal SH may be substituted 

the synchronous word data to be inserted between words of the first additional word data group transmitted from 

the multiplexed eight-bit word string data DX(8) by the t^e word data transmitter 16 or the second additional word 

ten-bit word strmg data formmg unit 14 may also be four, ^ata group transmitted from the word data transmitter 17. 

three, or two. ^^^^ ^ eight-bit word data immediately before 

It is now assumed that the composite ten-bit word string the leading edge of the timing signal STM, i.e., the eight-bit 

data DZ(10) always contains negative (-) RD, i.e., -K28.5, . ^^^^ data shifted by four word data from each of the 

in the first or second additional word data group. eight-bit word data (AO through A7), (BO through B7), etc. 

It is also assumed that four eight-bit word data including having the leading edge corresponding to the leading edge of 
the synchronous word data are inserted as the first or second the horizontal synchronous signal SH, exhibits negative (-) 
additional word data group between words of the eight-bit RD when being converted into ten-bit word data, the three 
word string data DX(8). In this case, the word data trans- eight-bit word data positioned from the leading edge of the 
mitter 16 may send the auxiliary word data DEB(8), the timing signal STM to the leading edge of the horizontal 
auxiliary word data DEA(8), the synchronous word data synchronous signal SH may be substituted with the first 
DEK(8), and the auxiliary word data DEC(8), while the 3Q additional word data group. Conversely, if the above- 
word data transmitter 17 may send the auxiliary word data described eight-bit word data immediately before the lead- 
DEC(8), the auxiliary word data DEA(8), the synchronous ing edge of the timing signal STM exhibits positive (+) RD 
word data DEK(8), and the auxiliary word data DEC(8). when being converted into ten-bit word data, the aforemen- 
Then, the leading edge of the multiplexed eight-bit word tioned three eight-bit word data may be substituted with the 
siring data DX(8) which is shifted by four word data from 35 second additional word data group, 
each of the eight-bit word data (AO through A7), (BO it is now assumed that the composite ten-bit word string 
through B7), and so on, having the leading edge correspond- data DZ(10) always contains negative (-) RD, i.e., -K28.5, 
ing to the leading edge of the horizontal synchronous signal in the first or second additional word data group. It is also 
SH, may be designated according to the leading edge of the assumed that two eight-bit word data including the synchro- 
timing signal STM. Thereafter, four eight-bit word data 4Q nous word data are inserted between words of the multi- 
positioned from the leading edge of the timing signal STM piexed eight-bit word string data DX(8) according to the 
to the-leading edge of the horjzontal synchronous signal SH timing signal STM. In this case, the word data transmitter 16 
may be substituted with the first additional word data group - may send the auxiliary word data pEB(8) and the synchro- 
transmitted from the word data transmitter 16 or the second nous word data DEK(8), while the word data transmitter 17 
additional word data group transmitted from the word data 45 may send the auxiliary word data DEC(8) and the synchro- 
transmitter 17. nous word data DEK(8). Then, the leading edge of the 

In this case, if the eight-bit word data immediately before multiplexed eight-bit word string data DX(8) which is 
the leading edge of the timing signal STM, i.e., the eight-bit shifted by two word data from each of the eight-bit word 
word data shifted by five word data from each of the data (AO through A7), (BO through B7), and so on, having 
eight-bit word data (AO through A7), (BO through B7), etc. 50 the leading edge corresponding to the leading edge of the 
having the leading edge corresponding to the leading edge of horizontal synchronous signal SH, may be specified accord- 
the horizontal synchronous signal SH, exhibits negative (-) ing to the leading edge of the timing signal STM. 
RD when being converted into ten-bit word data, the four Subsequendy, the two eight-bit word data positioned from 
eight-bit word data positioned from the leading edge of the the leading edge of the timing signal STM to the leading 
timing signal STM to the leading edge of the horizontal 55 edge of the horizontal synchronous signal SH may be 
synchronous signal SH may be substituted with the first substituted with the first additional word data group trans- 
additional word data group. Conversely, if the above- mitted from the word data transmitter 16 or the second 
described eight-bit word data immediately before the lead- additional word data group transmitted from the word data 
ing edge of the timing signal STM exhibits positive (+) RD transmitter 17. 

when being converted into ten-bit word data, the aforemen- go In this case, if the eight-bit word data immediately before 

tioned four eight-bit word data may be substituted with the the leading edge of the timing signal STM, i.e., the eight-bit 

second additional word data group. word data shifted by three word data from each of the 

It is now assumed that the composite ten-bit word string eight-bit word data (AO through A7), (BO through B7), etc. 

data DZ(10) always contains negative (-) RD, i.e., -K28.5, having the leading edge corresponding to the leading edge of 

in the first or second additional word data group. It is also 65 the horizontal synchronous signal SH, exhibits negative (-) 

assumed that three eight-bit word data including the syn- RD when being converted into ten-bit word data, the two 

chronous word data are inserted between words of the eight -bit word data positioned from the leading edge of the 



3/29/05, EAST Version: 2.0.1.4 



us 6,43 

13 

timiog signal STM to the leading edge of the horizontal 
synchronous signal SH may be replaced with the first 
additional word data group. In contrast, if the above- 
described eight-bit word data immediately before the lead- 
ing edge of the timing signal STM exhibits positive (+) RD 
when being converted into ten-bit word data, the aforemen- 
tioned two eight-bit word data may be replaced with the 
second additional word data group. 

FIG. 4 is a block diagram illustrating a data receiving 
apparatus for receiving the serial data DZS based on the 
composite ten-bit word string data DZ(10) transmitted from 
the P/S converter 18 shown in FIG. 1. 

In this data receiving apparatus, the serial data DZS based 
on the composite ten-bit word string data DZ(10) transmit- 
ted through a data transmission channel, formed of, for 
example, an optical fiber, is supplied. In a serial-to-parallel 
(S/P) converting and clock detecting unit 21, S/P conversion 
is performed on the serial data DZS, thereby forming 
parallel composite ten-bit word string data DZ(10), as rep- 
resented by A of FIG. 5. 

In the S/P converting and clock detecting unit 21, the 
clock is detected from the serial data D2^ so as to reproduce 
a clock signal CLK. The reproduced clock signal CLK is 
supplied to a word clock generator 22, and three types of 
word clock signals CWB, CWC, and CWA based on the 
clock signal CLKare output from the word clock generator 
22. 

The composite ten-bit word string data DZ(10) obtained 
in the S/P converting and clock detecting unit 21 is supplied 
to an eight-bit word sU-ing data forming unit 23 and a 
synchronous word data detector 24. The synchronous word 
data detector 24 detects the ten-bit synchronous data having 
a positive RD, i.e., +K28.5, contained in the first or second 
additional word data group of the composite ten-bit word 
string data DZ(10), and then outputs a synchronous word 
data detection signal SKD, as indicated by B of FIG. 5. 

The synchronous word data detection signal SKD 
obtained in the synchronous word data detector 24 is sup- 
plied to the word clock generator 22 and a synchronous 
signal forming unit 25. In the word clock generator 22, the 
phases of the word clock signals CWB, CWC, and CWA are 
determined by the synchronous word data detection signaL 
SKD. In the synchronous signal forming unit 25, a synchro- 
nous signal SS is formed based on the synchronous word 
data detection signal SKD. 

Supplied to the eight-bit word string data forming unit 23 
are not only the composite ten-bit word string data DZ(10) 
from the S/P converting and clock detecting unit 21, but also 
the word clock signals CWB and CWC sent from the word 
clock generator 22. Then, in the eight-bit word string data 
forming unit 23, 10B-8B conversion is conducted on the 
composite ten-bit word string data DZ(10) based on the 
word clock signals CWB and CWC, thereby forming com- 
posite eight-bit word string data DZ(8) based on the com- 
posite ten-bit word string data DZ(10). 

In this case, the ten-bit word data (A'O through A'9), (A'lO 
through A19), (A'20 through A'29), and so on, and (B'O 
through B'9), (BIO through B19), (B^O through 8*29), and 
so on, are respectively converted into (AO through A7), (A8 
through A15), (A16 through A23), etc., and (BO through 
B7), (B8 through B15), (B16 through B23), etc. 
Additionally, the ten-bit word data, i.e., -D21.4, D21.3, and 
D21.5, and the ten-bit synchronous word data, i.e., +K28.5, 
contained in the first additional word data group of the 
composite ten-bit word string data DZ(10) are converted 
into the axixiliary word data DEB(8), the auxiliary word data 
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DEA(8), the auxiliary word data DEC(8), and the synchro- 
nous word data DEK(8), respectively. The ten-bit word data, 
i.e., D21.5, D21.3, and D21.5, and the ten-bit synchronous 
word data, i.e., +K28.5, contained in the second additional 

5 word data group of the composite ten-bit word string data 
DZ(10) are converted into the auxiliary word data DEC(8), 
the auxiliary word data DEA(8), the auxiliary word data 
DEC(8), and the synchronous word data DEK(8), respec- 
tively. All of the converted eight -bit word data are contained 

10 in the composite eight-bit word string data DZ(8). 

The composite eight-bit word string data DZ(8) obtained 
from the eight-bit word string data forming unit 23 is 
supplied to a data separator 26. The synchronous signal SS 
generated based on the synchronous word data detection 
signal SKD in the synchronous signal forming unit 25 is also 
supplied to the data separator 26. The data separator 26 then 
separates the following data from the composite eight-bit 
word string data DZ(8) based on the synchronous signal SS 
corresponding to the ten-bit synchronous word data, i.e., 
+K28.5: the multiplexed eight-bit word string data DX(8), 
the auxiliary word data DEB(8), the auxiUary word data 
DEA(8), the synchronous word data DEK(8), and the aux- 
iliary word data DEC(8), the four data forming the first 
additional word data group; and the auxiliary word data 
DEC(8), the auxiliary word data DEA(8), the synchronous 
word data DEK(8), and the auxiliary word data DEC(8), the 
four data forming the second additional word data group. 

The multiplexed eight-bit word string data DX(8) sepa- 
30 rated by the data separator 26 is supphed to a ten-bit word 
string data forming unit 27. The word clock signals CWC 
and CWB generated by the word clock generator 22 are 
supphed to the ten-bit word string data forming imit 27. 
Thus, in the ten-bit word string data forming unit 27, 
35 8B-10B conversion is performed on the multiplexed eight- 
bit word string data DX(8) based on the word clock signals 
CWC and CWB, thereby forming the multiplexed ten-bit 
word string data DZ(10) based on the multiplexed eight-bit 
word string data DX(8). 

40 

The multiplexed ten-bit word string data DZ(10) obtained 
from the ten-bit word string data forming unit 27 is supplied 
to a data reproducing unit 28. The word clock signals CWC 
and CWB generated by the word clock generator 22 are also^ 
supplied to the data reproducing unit 28. In the data repro- 
ducing unit 28, the multiplexed ten-bit word string data 
DZ(10) is separated into ten-bit word string data SVA(10), 
SVB(IO), and SVC(IO), representing three types of video 
signal information, based on the word clock signals CWC 
and CWB. The ten-bit word string data SVA(10), SVB(IO), 
and SVC(IO) are then individually output from the data 
reproducing unit 28. 

In the data receiving apparatus shown in FIG. 4, the serial 
data DZS converted from the composite ten-bit word string 

55 data DZ(10) containing the ten-bit synchronous word data 
always having a positive RD, i.e., +K28.5, is received, 
thereby reproducing the ten-bit word string data SVA(10), 
SVB(IO), and SVC(10). Thus, the word synchronous data 
detector 24 detects +K28.5. Alternatively, the serial data 

60 DZS converted from the composite ten-bit word string data 
DZ(10) containing the ten-bit synchronous word data always 
having a negative RD, i.e., -K28.5, may be received. In this 
case, a data receiving apparatus for receiving such serial data 
DZS may be constructed similarly to that shown in FIG. 4, 

65 except that the synchronous word data detector 24 detects 
the ten-bit synchronous word data having a negative RD, 
i.e., -K28.5. 
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What is claimed is: 

1. A data transmissioD method comprising: 
a receiving step of receiving eight-bit word string data 

indicating signal information; 

an insertion step of inserting an additional word data 
group including specific synchronous word data and at 
least one item of auxiliary word data, each data having 
eight bits and a predetermined code, between words of 
the eight-bit word string data in accordance with a 
predetermined timing signal; 

a conversion step of converting the eight-bit word string 
data provided with the additional word data group into 
ten-bit word string data; 

a forming step of forming composite ten-bit word string 
data including the additional word data group contain- 
ing ten-bit synchronous word data which is converted 
from the specific synchronous word data; and 

a transmission step of transmitting the composite ten-bit 
word string data, 20 

wherein in said insertion step, the additional word data 
group is selected so that a running disparity of the 
ten-bit synchronous word data contained in the addi- 
tional word data group of the composite ten-bit syn- 
chronous word data is consistently one of positive and 25 
negative. 

2. A data transmission method according to claim 1, 
wherein in said insertion step, the additional word data 
group is selected so that the running disparity of the ten-bit 
synchronous word data contained in the additional word data 30 
group of the composite ten-bit synchronous word data is 
consistently positive. 

3. A data transmission method according to claim 2, 
wherein the additional word data group of the composite 
ten-bit word string data includes ten-bit word data having a 35 
negative running disparity, ten-bit word data having a neu- 
tral running disparity, and ten-bit synchronous word data, or 
includes the ten-bit word data having a negative running 
disparity and the ten-bit synchronous word data when the 
running disparity of ten-bit word data positioned immedi- 40 
ately before the additional word data group is positive, and 
wherein- the additional word data group of the composite 
ten-bit word string data includes ten-bit word data having a 
neutral nmning disparity, another ten-bit word data having a 
neutral running disparity, and the ten-bit synchronous word 45 
data, or includes the ten-bit word data having a neutral 
nmning disparity and the ten-bit synchronous word data 
when the running disparity of ten -bit word data positioned 
immediately before the additional word data group is nega- 
tive. 50 

4. A data transmission method according to claim 3, 
wherein the additional word data group of the composite 
ten-bit word string data includes another ten-bit word data 
after the ten -bit synchronous word data. 

5. A data transmission method according to claim 1, 55 
wherein in said insertion step, the additional word data 
group is selected so that the running disparity of the ten-bit 
synchronous word data contained in the additional word data 
group of the composite ten-bit synchronous word data is 
consistently negative. 60 

6. A data transmission method according to claim 5, 
wherein the additional word data group of the composite 
ten-bit word string data includes ten-bit word data having a 
positive running disparity, ten-bit word data having a neutral 
running disparity, and ten-bit synchronous word data, or 65 
includes the ten-bit word data having a positive running 
disparity and the ten-bit synchronous word data when the 



running disparity of ten-bit word data positioned immedi- 
ately before the additional word data group is negative, and 
wherein the additional word data group of the composite 
ten-bit word string data includes ten-bit word data having a 
neutral running disparity, another ten-bit word data having a 
neutral running disparity, and the ten-bit synchronous word 
data, or includes the ten-bit word data having a neutral 
running disparity and the ten-bit synchronous word data 
when the running disparity of ten-bit word data positioned 
immediately before the additional word data group is posi- 
tive. 

7. A data transmission method according to claim 6, 
wherein the additional word data group of the composite 
ten-bit word string data includes another ten-bit word data 
after the ten-bit synchronous word data. 

8. A data transmission method according to claim 1, 
wherein the composite ten-bit word string data is converted 
into serial data, and the serial data is transmitted. 

9. A data transmission method according to claim 8, 
wherein the serial data is transmitted through a data trans- 
mission channel formed of an optical fiber. 

10. A data transmission method according to claim 1, 
wherein the eight-bit word string data represents video 
signal information, and the timing signal used for inserting 
the additional word data group between the words of the 
eight-bit word string data is synchronized with each hori- 
zontal period of the video signal information. 

11. A data transmission apparatus comprising: 

a digital data forming unit for forming eight-bit word 
string data indicating signal information; 

a ten-bit word string data forming unit for inserting an 
additional word data group including specific synchro- 
nous word data and at least one item of auxiliary word 
data, each data having eight bits and a predetermined 
code, between words of the eight-bit word string data 
in accordance with a predetermined timing signal, and 
for converting the eight-bit word string data provided 
with the additional word data group into ten-bit word 
string data, thereby forming composite ten-bit word 
string data including the additional word data group 
containing ten-bit synchronous word data which is 
converted from the specific synchronous word data; 
. . and 

a data transmitting unit for transmitting the composite 
ten-bit word string data, 

wherein said ten-bit word string data forming unit inserts 
the additional word data group between the words of 
the eight-bit word string data so that a running disparity 
of the ten-bit synchronous word data contained in the 
additional word data group of the composite ten-bit 
synchronous word data is consistently one of positive 
and negative. 

12. A data transmission apparatus according to claim 11, 
wherein said ten-bit word string data forming unit inserts the 
additional word data group between the words of the eight- 
bit word string data so that the running disparity of the 
ten-bit synchronous word data contained in the additional 
word data group of the composite ten-bit synchronous word 
data is consistently positive. 

13. A data transmission apparatus according to claim 12, 
wherein said ten-bit word string data forming unit comprises 
a word data transmitter for supplying the additional word 
data group. 

14. A data transmission apparatus according to claim 13, 
wherein said word data transmitter supplies the additional 
word data group to said ten-bit word string data forming unit 
so that the additional word data group of the composite 
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ten-bit word string data includes ten-bit word data having a 
negative running disparity, ten-bit word data having a neu- 
tral running disparity, and ten-bit synchronous word data, or 
includes the ten-bit word data having a negative running 
disparity and the ten-bit synchronous word data when the 
running disparity of ten-bit word data positioned immedi- 
ately before the additional word data group is positive, and 
wherein said word data transmitter supplies the additional 
word data group to said ten-bit word string data forming unit 
so that the additional word data group of the composite 
ten-bit word string data includes ten-bit word data having a 
neutral running disparity, another ten-bit word data having a 
neutral running disparity, and the ten-bit synchronous word 
data, or includes the ten-bit word data having a neutral 
running disparity and the ten-bit synchronous word data 
when the running disparity of ten-bit word data positioned 
immediately before the additional word data group is nega- 
tive. 

15. A data transmission apparatus according to claim 14, 
wherein said word data transmitter supplies the additional 
word data group to said ten-bit word string data forming unit 
so that the additional word data group further includes 
another ten-bit word data after the ten-bit synchronous word 
data. 

16. A data transmission apparatus according to claim 11, 
wherein said ten-bit word string data forming unit inserts the 
additional word data group between the words of the eight- 
bit word string data so that the running disparity of the 
ten-bit synchronous word data contained in the additional 
word data group of the composite ten-bit synchronous word 
data is consistently negative. 

17. A data transmission apparatus according to claim 16, 
wherein said ten-bit word string data forming unit comprises 
a word data transmitter for supplying the additional word 
data group. 

18. A data transmission apparatiis according to claim 17, 
wherein said word data transmitter supplies the additional 
word data group to said ten-bit word string data forming unit 
so that the additional word data group of the composite 
ten-bit word string data includes ten-bit word data having a 
positive running disparity, ten-bit word data having a neutral 
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running disparity, and ten-bit synchronous word data, or 
includes the ten-bit word data having a positive running 
disparity and the ten-bit synchronous word data when the 
running disparity of ten-bit word data positioned immedi- 
5 ately before the additional word data group is negative, and 
wherein said word data transmitter supplies the additional 
word data group to said ten-bit word string data forming unit 
so that the additional word data group of the composite 
ten-bit word string data includes ten-bit word data having a 
neutral running disparity, another ten-bit word data having a 
neutral running disparity, and the ten-bit synchronous word 
data, or includes the ten-bit word data having a neutral 
running disparity and the ten-bit synchronous word data 
when the running disparity of ten-bit word data positioned 
immediately before the additional word data group is posi- 
tive. 

19. A data transmission apparatus according to claim 18, 
wherein said word data transmitter supplies the additional 

20 word data group to said ten-bit word string data forming unit 
so that the additional word data group further includes 
another ten-bit word data after the ten-bit synchronous word 
data. 

20. A data transmission apparatus according to claim 11, 
25 wherein said data transmitting unit converts the composite 

ten-bit word string data into serial data, and transmits the 
serial data. 

21. A data transmission apparatus according to claim 20, 
wherein said data transmitting unit transmits the serial data 

30 to a data transmission channel which is formed of an optical 
fiber 

22. A data transmission apparatus according to claim 11, 
wherein the eight-bit word string data obtained from said 
digital data forming unit represents video signal 

35 information, and the timing signal used for inserting the 
additional word data group between the words of the eight- 
bit word string data by said ten-bit word string data forming 
unit is synchronized with each horizontal period of the video 
signal information. 

40 

* * * 4 
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running disparity, it is converted to 10-bit word synchronous 
data having minus running disparity, and if the immediately 
preceding word data is the data having minus running 
disparity, it is converted to the 10-bit word synchronous data 
having plus running disparity. Thereby, in the case of 
reproducing the signal information at the receiving end, the 
necessary signal synchronization can be certainly obtained. 
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DATA TRANSMISSION METHOD AND 
DEVICE 

This application is a continuation of Ser. No. 09/120,852 
filed Jul. 22, 1998, U.S. Pat. No. 6,054,944 which is a 5 
continuation of PCT/JP97/04263 filed Nov. 21, 1997. 

TECHNICAL HELD 

The present invention relates to a data transmission 
method and device for converting 8 bits word string data 
representing signal information such as image signal infor- 
mation to 10 bits word string data containing word synchro- 
nous data and transmitting to a transmission path. 

BACKGROUND ART 15 

As a transmission mode of digital data showing various 
signal information, an optical transmission system which 
converts digital data to an optical signal and transmits via 
transmission path formed by using optical fiber has been 
proposed. The digital data to be processed under such optical 
transmission system is serial data having the bit rate of 
approximately from several hundreds (Mbps) to one (Gbps). 

The digital data to be processed under the optical trans- 
mission system is converted from 8-bit word string data in 
which 1 word is formed with 8 bits into 10 bits word string 
data in which 1 word is formed with 10 bits , that is 8-10 bit 
conversion is conducted at the transmitting end and trans- 
mitted as 10-bit word string data. Then, at the receiving end, 
10-8 bit word string data conversion that converts the 10-bit 
word string data received to the former 8-bit word string data 
is conducted. 

Every word having 10 bits in the 10-bit word string data 
used in the transmission system is categorized in terms of the 
number of ones and zeros; i.e., the number of ones is larger 35 
than the number of zeros, the number of zeros is larger than 
the number of ones, and the equal numbers of ones and zeros 
are present. In this connection, in order to indicate the 
condition of the number of ones and zeros, the idea of 
running disparity (RD) is adopted; it is called that when the 4Q 
number of ones is larger than the nimiber of zeros, the 
nmning disparity (RD) is plus, and when the number of 
~ ~ ~ - zeros is larger than the nimiber of ones, the RD is minus, and 
moreover, when the number of ones and the number of zeros 
are the same, the RD is neutral. And the word data having 45 
more ones than zeros is called as the word data having plus 
RD (plus word data), the word data having more zeros than 
ones is called as the word data having minus RD (minus 
word data), and the word data having the equal number of 
ones and zeros is called as the word data having neutral RD 50 
(neutral word data). 

Furthermore, in the case of transmitting 10-bit word string 
data, considering the word synchronization that divides 
serial data per 10-bit word correctly at the receiving end, 
word synchronous data will be inserted as required. This 55 
word synchronous data is the word consisting of 10 bits but 
this word is the word having special code that can not be 
used as the 10-bit word to conduct the information trans- 
mission. In the case where the word synchronous data is 
being assigned, if the immediately preceding word data is eo 
the data having minus RD, it is considered that the word 
synchronous data has plus RD, and if the immediately 
preceding word data has plus RD, it is considered that the 
word synchronous data has minus RD. 

FIG. 10 shows an example of 10-bit word synchronous 65 
data DS (10), and when the immediately preceding word 
data has minus (-) RD, i.e., CRD (current miming disparity). 
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the word synchronous data DS (10) is considered as "001111 
1010" having plus RD, and when the immediately preceding 
word data has plus (+) CRD, the word synchronous data DS 
(10) is considered as "110000 0101" having minus RD 
(hereinafter "001111 1010" is referred to as the word syn- 
chronous data +DS (10), and "110000 0101" is referred to as 
the word synchronous data -DS (10)). 

These examples of word synchronous data "001111 1010" 
and "110000 0101" are defined as the code name K28.5 
based on the fiber channel standard ANSI X3.230-1994. 

When the 10-bit word string data to be transmitted under 
the above condition is regarded as the data showing image 
signal information, it is considered that 10-bit word can be 
correctly divided using the word synchronous data at each 
horizontal interval at the receiving end by inserting word 
synchronous data at each horizontal interval of the image 
signal. 

In this case, either the word synchronous data +DS (10) 
having plus RD or the word synchronous data -DS (10) 
having minus RD will be inserted at each horizontal interval 
of image signal depending upon whether the RD of the 
immediately preceding word data is minus or plus at the 
transmitting end. 

For example, in the case of inserting the word synchro- 
nous data at the transmitting end, if the RD of the immedi- 
ately preceding word data is minus, plus word synchronous 
data +DS (10) is inserted, and when the RD of the imme- 
diately preceding word data is plus, minus word synchro- 
nous data -DS (10) is inserted. 

The image signal information in which word synchronous 
data is inserted is converted from 20-bit parallel data to 
serial data and transmitted from the transmitting end to the 
receiving end, and word synchronous data is extracted from 
the 10-bit word string data at the receiving end, and thus 
dividing the serial transmission data per 10-bit word, it is 
considered that the serial data can be correctly divided per 
10-bit word at each horizontal interval in which said word 
synchronous data is inserted. 

In the case of detecting the word synchronous data, the 
receiving end that sequentially receives 10-bit word string 
data of the image signal information (serial data) to which 
the word synchronous data +DS (10) or -DS (10) has been 
assigned at each horizontal interval of the image signal 
information at the transmitting-end, only detects plus >yord 
synchronous data +DS (10) but does not detect minus word 
synchronous data -DS (10). 

However, if the word synchronous data detection at the 
receiving end only detects the word synchronous data +DS 
(10) and not detect the word synchronous data -DS (10), 
there causes an inconvenience in conducting the data pro- 
cessing at the receiving end, since either the word synchro- 
nous data having plus RD +DS (10) or having minus RD 
-DS (10) is inserted depending upon the RD condition of the 
immediately preceding word data, i.e., the RD of the imme- 
diately preceding data is minus or plus, at each part corre- 
sponding to the horizontal synchronization in image signal. 

More specifically, since the receiving end only detects the 
word synchronous data +DS (10) and does not detect the 
word synchronous data -DS (10) when conducting the 
processing of 10-bit word string data, the condition in which 
word synchronous data detection can be conducted at the 
part corresponding to the horizontal interval in the image 
signal information can not be secured, and as a result, when 
reproducing the image signal information represented by 
10-bit word string data, it caused a problem that the correct 
word synchronization at each horizontal interval could not 
be obtained. 
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DISCLOSURE OF THE INVENTION 

The present invention has been done considering the 
above points and is proposing a data transmission method 
and data transmission device capable of obtaining the con- 
dition by which required signal synchronous condition can 
be certainly secured when reproducing the signal informa- 
tion represented by 10-bit word string data at the receiving 
end, when transmitting the 10-bit word string data after 
converting the 8-bit word string data representing signal 
information such as image signal information to the 10-bit 
word string data consisting of both the word synchronous 
data having plus RD and the word synchronous data having 
the minus RD even if the word synchronous data detection 
at the receiving end detects only word synchronous data 
having plus RD. 

The transmission method according to the present 
invention, after obtaining 8-bit word siring data representing 
the signal information, 2 each of the 8-bit word synchronous 
data having preset code and the 8-bit auxiliary word data to 
be converted to the 10-bit neutral word data will be inserted 
between words in the 8-bit word string data corresponding 
to the predetermined timing signal; and the 8-bit word string 
data in which the 8-bit word synchronous data and the 8-bit 
word string data in which 8-bit auxiliary word data are 
inserted will be converted to 10-bit word string data, and 
composite 10-bit word synchronous data having the part to 
which two 10-bit word synchronous data and 10-bit neutral 
word data are allocated alternately and this composite 10-bit 
word string data will be transmitted so that when converting 
the 8-bit word string data to the 10-bit word string data, the 
8-bit word synchronous data will be converted to the 10-bit 
word synchronous data having minus RD if the immediately 
preceding word data has the plus RD; and if the immediately 
preceding word data has the minus RD, converted to the 
10-bit word synchronous data having the plus RD. 

Furthermore, the transmission device according to the 
present invention comprises a digital data forming unit for 
obtaining 8-bit word string data showing signal information, 
a word synchronous data generation unit for outputting 8-bit 
word synchronous data having preset code, an auxiliary 
word data generating unit for outputting the 8-bit auxiliary 
word data to be converted to the 10-bit neutral word data, a 
data adder unit for allocating two 8-bit word synchronous 
data and 8-bit auxiliary, word data between words in the 8-bit 
word string data obtained from the digitaldata forming unit 
according to the predetermined timing signal; a 10-bit word 
string data forming unit which converts the 8-bit word 
synchronous data obtained from the data adder unit and the 
8-bit word string data in which 8-bit auxiliary word data is 
inserted to 10-bit word string data and simultaneously 
obtains the composite 10-bit word string data having the part 
to which two 10-bit word synchronous data based on the 
8-bit word synchronous data and the 10-bit neutral word 
data based on the 8-bit auxiliary word data are allocated 
alternately in succession; and a data transmission unit for 
outputting the composite 10-bit word string data; and in the 
case where the 10-bit word string data forming unit converts 
the 8-bit word string data to the 10-bil word string data, the 
8-bil word synchronous data is converted to the 10-bit word 
synchronous data having the minus RD when the immedi- 
ately preceding word data has the plus RD, and when the 
immediately preceding word data has the minus RD, the 
8-bit word synchronous data is converted to the 10-bit word 
synchronous data having the plus RD. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a block diagram showing an ample of the data 
transmission device and its method according to the present 
invention. 
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FIG. 2 is a block diagram showing the detailed construc- 
tion of the part including a data adder unit and 10-bit word 
string data forming unit shown in the example of FIG. 1. 

FIG. 3 is a diagrammatic sketch showing an image signal 
5 information for one horizontal interval and horizontal blank- 
ing interval. 

FIG. 4 is a data block diagram illustrating the operation of 
the example shown in FIG. 1. 

FIG. 5 is a data block diagram illustrating the operation of 
the example shown in FIG. 1. 

FIG. 6 is a schematic diagram illustrating the operation of 
the bit conversion unit in the example shown in FIG. 1. 

FIG. 7 is a schematic diagram illustrating the operation of 
15 the P/S conversion unit in the example shown in FIG, 1. 
FIG. 8 is a block diagram showing an example of the data 
receiving device that receives the data transmitted from the 
data transmission device according to the present invention. 
FIG. 9 is a block diagram showing the detailed construc- 
^° tion of the part including the bit conversion unit and the data 
reproduction unit according to the example shown in FIG. 8. 

FIG. 10 is a schematic diagram illustrating the word 
synchronous data to be used in the digital data transmission. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIG. 1 shows an example of data transmission device and 
its method according to the present invention. 

30 In the example shown in FIG. 1, image signal SVA of the 
first channel is supplied to a digital data forming unit 12 via 
an image signal terminal 11 and image signal SVB of the 
second channel is supplied to a data forming unit 14 via an 
image signal terminal 13. In general, the content of image 

35 information that the image signal SVA shows is different 
from those of the image signal SVB shows. 

In the digital data forming unit 12, an analog/digital 
conversion is conducted on the image signal SVA and 8-bit 
word string data DVA showing image signal information 

^ based on the image signal SVA is formed. This 8-bit word 
string data DVA forms digital data of the image signal SVA 
by arranging 8-bit word data SVA. 

Similarly, in the digital data forming unij 14, analog/ 
digital conversion is conducted on the image signal SVB and 
8-bit word string data DVB showing image signal informa- 
tion based on the image signal SVB is formed. This 8-bit 
word string data DVB forms digital data of the image signal 
SVB by arranging 8-bit word data. 

5Q Then, the 8-bit word string data DVA obtained from the 
digital data forming unit 12 and the 8-bit word string data 
obtained from the digital data forming unit 14 will be 
supplied to a data adder imit 15. The 8-bil word string data 
DVA and the 8-bit word string data DVB are in synchronism 

55 with each other. 

Furthermore, in the example shown in FIG. 1, a word data 
generating unit 16 for transmitting 8-bit word synchronous 
data DS (8) and an auxiliary word data generating unit 17 to 
transmit 8-bit auxiliary word data DN (8) are provided. And 

60 the word synchronous data DS (8) from the word synchro- 
nous data generating unit 16 and the auxiliary word data 
DN(8) from the auxiliary word data generating unit 17 are 
supplied to the data adder unit 15. 
At the time when the 8-bit word synchronous data DS (8) 

65 is given the 8 to 10 bits conversion for example, it has a 
specific code that makes the DS (8) to be converted either to 
the word synchronous data +DS (10) which is the 10-bit 
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word synchronous data DS (10) having plus RD, i.e., 
"001111 1010", or the word synchronous data -DS (10) 
which is the 10-bit word synchronoxis data DS (10) having 
minus RD, i.e., "110000 0101". The code of 8-bit word 
synchronous data DS (8) cannot be used as the code for the 5 
word data forming 8-bit word string data DVA and DVB. 

On the other hand, the 8-bit auxiliary word data DN (8), 
for example, when it is being given the 8-10 bits conversion, 
it is converted to the neutral word data DN (10) formed with 
10 bits that is defined by the fiber channel standard and lo 
selected to "000 0000111", for example. 

In the data adder unit 15, timing signal SH that corre- 
sponds to the horizontal synchronizing signal in the image 
signal SVA or image signal SVB and synchronizes to the 
part corresponding to horizontal interval (horizontal interval 
part) in the 8-bit word string data DVA and the 8-bit word 
string data DVB showing the image signal information will 
be also supplied. 

The data adder unit 15 is comprised of data selection units 

20 

18 and 19 as shown in FIG. 2, for example. In the data 
selection unit 18, 8-bit word string data DVAfirom the digital 
data forming unit 12, 8-bit word synchronous data DS (8) 
from the word synchronous data generation unit 16, and the 
timing signal SH will be supplied; and the 8-bit word string 
data DVB from the digital data forming unit 14, the 8-bit 
auxiliary word data DN (8) from the auxiliary word data 
generation unit 17, and the timing signal SH will be supplied 
to the data selection unit 19, 

Then, in the data selection unit 18, as shown in FIG. 3(A), 
inactive data for 2 words allocated to the vacant area of the 
horizontal blanking area Hbuc (area in which no effective 
data is allocated) in the 8-bit word string data DVA showing 
the image signal information is replaced by 2 word synchro- 
nous data DS (8). In this case, if RD of the immediately 
preceding word data of said replacing area is minus, the 
word synchronous data to be placed in said area becomes 
+DS (8) based on the fiber channel standard, and in the case 
where RD of the immediately preceding word data is plus, 
the word synchronous data to be replaced in said area ^ 
becomes -DS (8) based on the fiber channel standard. 

With this arrangement, as shown in FIG. 4, in the data 
selection unit 18, of word data (Aq-Aj)-{Dq-Dj) forming 
the horizontal interval part in the 8-bit word string data 
DVA, word data (B0-B7) and (C0-C7) which are inactive 45 
data in the horizontal blanking interval will be replaced by 
the word synchronous data DS (8), and two word synchro- 
nous data DS (8) will be consecutively allocated between the 
word data (A0-A7) and word data (D0-D7) in the horizontal 
interval part of the 8-bit word string data DVA. More 50 
specifically, two word sync data DS (8) are allocated con- 
secutively between words of the horizontal interval part in 
the 8-bit word string data DVA, and thus, as shown in FIG. 
4, 8-bit word string data DXA added such as by inserting 2 
word synchronous data DS (8) consecutively per the time 55 
point th of the front edge part of the timing signal SH will 
be formed. 

Furthermore, in the data selection unit 19, as shown in 
FIG. 3(B), at each horizontal interval of the 8-bit word string 
data DVB showing the image signal information, 2 words of eo 
inactive data allocated to the vacant area of the horizontal 
blanking area Usuc (area in which no effective data is 
allocated) will be replaced by 2 auxiliary word data DN (8). 

Thus, as shown in FIG. 4, in the data selection unit 19, of 
word data (Ag-A^s) - (Dg-Dij) forming the horizontal 65 
interval part in the 8-bit word string data DVB, each inactive 
word data (Bg-B^j) and (Cg-Cji) of the horizontal blanking 
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interval is replaced by the auxiliary word data DN (8) and 
two auxiliary word data DN (8) will be allocated consecu- 
tively between the word data (Aq-Ajj) and the word data 
(Dg-Djs) in the horizontal interval part of the 8-bit word 
string data DVB. More precisely, two auxiliary word data 
DN (8) are allocated consecutively between words of the 
horizontal interval part in the 8-bit word string data DVB, 
and as a result, as shown in FIG. 4, inserting two auxiliary 
word data DN (8) in succession per the time point Ih of the 
front edge part of the timing signal SH, 8-bit word string 
data DXB will be formed. 

8-bit word string data DXA and DXB to be obtained from 
the data adder unit 15 comprising the data selection units 18 
and 19 will be supplied to the 10-bit word string data 
forming unit 20 (FIG. 2). The 10-bit word string data 
forming unit 20 is comprised of a bit conversion unit 21 to 
which the 8-bit word string data DXA and DXB are supplied 
as input data and a parallel/serial (P/S) conversion unit 22 to 
which the output data to be obtained from the bit conversion 
unit 21 is supplied. 

The bit conversion unit 21 is comprise of 8-10 bit 
conversion units 23 and 24 as shown in FIG. 2. In the 8-10 
bit conversion unit 23, the 8-bit word string data DXA in 
which 2 word synchronous data DS (8) are allocated to the 
part corresponding to the horizontal blanking interval in 
each horizontal interval part to be obtained from the data 
selection unit 18 in the data adder unit 15 will be supplied, 
and the 8-bit word string data DXB in which 2 auxiliary 
word data DN (8) are allocated to the part corresponding to 
the horizontal blanking interval in each horizontal interval 
part to be obtained from the data selection unit 19 in the data 
adder unit 15 will be supplied into the 8-10 bit conversion 
unit 24. 

Then, in the 8-10 bit conversion unit 23, 8-10 bit con- 
version is given to the 8-bit word string data DXA and the 
8-bit word string data DXA is converted to 10-bit word 
string data DZA. In this case, regarding each of two word 
synchronous data DS (8) allocated to the part corresponding 
to the horizontal blanking interval in each horizontal interval 
part in the 8-bit word string data DXA, firstly, if the RD of 
the immediately preceding word data of the first word 
synchronous data DS (8) is minus, it is converted to the word 
synchronous data +DS (10) that is the word synchronous 
data DS (10) formed with 10 bits having plus RD, i.e.,-bit _ _. _ 
converted to "001111 1010", Moreover, when the RD of the 
immediately preceding word data is plus, it is converted 
word synchronous data -DS (10) that is the word synchro- 
nous data DS (10) formed with 10 bits having minus RD, 
i.e., bit converted to "110000 0101". And when the first one 
is bit converted to the word synchronous data +DS (10) 
having plus RD, i.e., "001111 1010", the following second 
one will be bit converted to the word synchronous data -DS 
(10) that is the word synchronous data DS (10) formed with 
10 bits having minus RD, i.e., "1110000 0101". And.,when 
the first one is bit converted to the word synchronous data 
-DS (10) having minus RD, i.e., "110000 0101", the second 
one is bit converted to the word synchronous data +DS (10) 
that is the 10-bit word data DS (10) having plus RD, i.e., 
"001111 1010". 

Accordingly, in the 10-bit word string data DZA that is 
formed in the 8-10 bit conversion unit 23, as shown in FIG. 
5(A), the 10-bit word synchronous data +DS (10) having 
plus RD, i.e., "001111 101011", and foUowing this the 10-bit 
word synchronous data -DS (10) having minus RD, i.e., 
"110000 0101" are allocated to the part corresponding to the 
horizontal blanking interval in its each horizontal interval 
part, or contrary to this, as shown in FIG. 5 (B) the condition 
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in which the word synchronous data -DS (10), i.e., "110000 
0101" is followed by the word synchronous data +DS(10), 
i.e., "001111 1010" is allocated. 

Here, the condition in which +DS (10) shown in FIG. 
5(A) is firstly allocated or the condition in which -DS (10) 
shown in FIG. 5(B) is allocated first will be determined 
depending on the polarity of RD (minus or plus) of the 
immediately preceding word data of the word synchronous 
data. 

Furthermore, in the 8-10 bit conversion unit 24, the 8-10 
bit conversion is applied to the 8-bit word string data DXB 
and the 8-bit word string data DXB is converted to 10-bit 
word string data DZB. In this case, regarding each of 2 
auxiliary word data DN (8) inserted to the part correspond- 
ing to the horizontal blanking interval in each horizontal 
interval part in the 8 -bit word string data DXB, i.e., "000 
00001", as shown in FIG. 6, when CRD of the immediately 
preceding word data is minus, the first one is bit converted 
to "011101 0100" that is the neutral word data formed with 
10 bits DN (10) (hereinafter referred to as 10-bit neutral 
auxiliary word data). And when CRD of the immediately 
preceding word data is plus, it is bit converted to "100010 
1011" that is the other neutral auxiliary word data DN (10) 
formed with 10 bits . Then, when the first one is bit 
converted to "011101 0100", the second one will be bit 
converted to "100010 1011" that is 10-bit neutral auxiliary 
word data DN (10), or when the first one is bit converted to 
"100010 1011" that is the 10-bit neutral auxiliary word data 
DN (10), the second one will be bit converted to "011101 
0100" that is the 10-bit neutral auxiliary word data DN (10). 

Accordingly, regarding the 10-bit word string data DZB 
formed in the 8-10 bit conversion, unit 24, in the part 
corresponding to the horizontal blanking interval in its each 
horizontal interval part, the condition in which 10-bit neutral 
auxiliary word data DN (10) "100010 1011" is followed by 
the 10-bit neutral auxiliary word data DN (10) "011101 
0100", or contrary to this, the 10-bit neutral auxiliary word 
data DN (10) "011101 0100" is followed by the 10-bit 
neutral auxiliary word data DN (10) "100010 1011" is 
allocated. In this case, if both the neutral auxiliary word data 
"011101 0100" and "100010 1011" are shown as DN (10), 
as shown in FIG. 5(C), this is the condition in which two 
neutral auxiliary word data DN (10) are consecutively exist, 

10-bit word string data DZA and DZB obtained respec- 
tively from the 8-10 bit conversion units 23 and 24 in the bit 
conversion unit 21 will be supplied to the P/S conversion 
unit 22. In the P/S conversion unit 22, the P/S conversion 
that converts 20 bits parallel data formed by adding up 10-bit 
word string data DZA and 10-bit word string data DZB to 
serial data is conducted and the composite 10 bits word 
string data DZ (serial data) will be formed. 

In this case, the 10-bit word synchronous data having plus 
RD +DS (10), i.e., "001111 1010" and the 10-bit word 
synchronous data having minus RD -DS (10), i.e., "110000 
0101", which are allocated to the part corresponding to the 
horizontal blanking interval in each horizontal interval part 
of the 10-bit word string data DZA, and the 10-bit neutral 
auxiliary word data DN(10), "100010 1011" and the 10-bit 
neutral auxiliary word data DN(IO) "011101 0100" which 
are allocated to the parts corresponding to the horizontal 
blanking interval in each horizontal interval part of the 
10-bit word string data DZB will be processed that, as 
shown in FIG. 4, the composite 10-bil word string data DZ 
(serial data), is to be allocated to the part corresponding to 
the horizontal blanking interval in each horizontal interval 
part in order that two 10-bit word synchronous data DS (10) 
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and 10-bit neutral auxiliary word data DN (10) range 
alternately in succession. 

Two 10-bit word synchronous data DS(10) and the 10-bil 
neutral auxiliary woni data DN (10) ranging alternately in 
succession will be placed between word data {A^Q-A^g) in 
the 10-bit word string data DVB' that can be obtained by 
giving the 8-10 bit conversion to the 8-bit word string data 
DVB and word data (Dq-Dq) in the 10-bit word string data 
DVA' that can be obtained by giving the 8-10 bit conversion 
to the 8-bit word string data DVA. The processing of 
assigning two 10-bit word synchronous data DS (10) and the 
10-bit neutral auxiliary word data DN (10) alternately 
between the word data (AjQ-Aip) and the word data 
(Dg-Dg) in the part corresponding to the horizontal blanking 
interval in each horizontal interval part of the composite 
10-bil word serial data DZ alternately will be conducted as 
follows: 

Firstly, the first one in the 10-bit word synchronous data 
having plus RD +DS (10) allocated to the part corresponding 
to the horizontal blanking interval in each horizontal pari of 
10-bit word string data DZA, i.e., "001111 101011" and the 
10-bit word synchronous data having minus RD -DS (10), 
i.e., "1001111 0101" will be selected. As shown in FIG. 
7(A), in the case where the first one is the 10-bit word 
synchronous data +DS (10) having plus RD and follows the 
word data (Ajo-Ajg) having minus RD, i.e., "001111 1010", 
then next, the 10-bit neutral auxiliary word data DN (10) 
inserted to the part corresponding to the horizontal blanking 
interval in each horizontal part of the 10-bit word string data 
DZB, i.e., "11100010 1011" or "011101 0100", wiU be 
selected. Then, the 10-bit word synchronous data having 
minus RD -DS (10) inserted to the part corresponding to the 
horizontal blanking interval in each horizontal interval pari 
of the 10-bit word string data DZA, i.e., "11110000 0101" 
will be selected, and further the 10-bit neutral auxiliary word 
data DN (10) inserted to the part corresponding to the 
horizontal blanking inleval in each horizontal interval part of 
the 10-bil word string data DZB, i.e., "011101 0100" or 
"110000 0101" will be selected. 

In this case, the 10-bit word synchronous data having plus 
RD .+DS (10), i.e., "001111 1010", the 10-bit neutral aux- 
iliary word data DN (10) " 1100010 1011" or "011101 0100", 
the 10-bit word synchronous data having minus RD -DS 
(10), i.e., "11110000 0101", and the 10-bit neutral auxiliary 
word data DN (10) "011101 0100" or "100010 1011" will be ^ 
placed in succession on the part corresponding to the hori- 
zontal blanking interval in each horizontal part of the 
composite 10-bit word string data DZ that is serial data. 

On the other hand, as shown in FIG. 7(B), at the time 
when the first one selected from the 10-bit word synchro- 
nous data having plus RD +DS (10), i.e., "001111 1010" and 
the 10-bit word synchronous data having minus RD -DS 
(10), i.e., "110000 0101", is the one that follows the word 
data (A10-A19) having minus RD and is the 10-bit word 
synchronous data having minus RD -DS (10), i.e., "110000 
0101", the 10-bil neutral auxiliary word data DN (10) 
inserted to the part corresponding to the horizontal blanking 
interval in each horizontal interval part of the 10-bil word 
string data DZB, "011101 0100" or "1100010 1011" will be 
selected next. Then, the 10-bit word synchronous data 
having plus RD +DS (10) inserted to the part corresponding 
to the horizontal blanking interval in each horizontal part of 
the 10-bit word string data DZA, i.e., "001111 1010" wdl be 
selected, and furthermore, 10-bil neutral auxiliary word data 
DN (10) inserted to the part corresponding to the horizontal 
blanking interval in each horizontal part of the 10-bit word 
string data DZB, "100010 1011" or "011101 0100" will be 
selected. 
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In this case, the 10-bit word synchronous data having 
minus RD, i.e., "110000 0101", the 10-bit neutral auxiliary 
word data DN (10) "OHIO 0100" or "100010 1011", the 
10-bit word synchronous data having plus RD +DS (10), i.e., 
"001111 1010", and the 10-bit neutral auxiliary word data 
DS (10) "100010 1011" or "011101 0100" will be placed 
consecutively on the part corresponding to the horizontal 
blanking interval in each horizontal interval part of the 
composite 10-bit string data DZ (serial data). 

More specifically, the 10-bit word synchronous data hav- 
ing minus RD -DS(IO). i.e., "110000 0101" and the 10-bit 
synchronous the serial data composite 10-bit word string 
data DZ to be obtained from the optical receiving unit 31 
will be supplied to the serial/parallel (S/P) conversion unit 
32. 

At this point, FIG. 9 shows the detailed construction of the 
receiving end shown in FIG. 8, and the S/P conversion unit 
32 transmits the 10-bit word string data DZ received via said 
optical receiving unit 31 to the word synchronous data 
detection unit 36. The word synchronous data detection unit 
36 detects the word synchronous data +DS (10) "001111 
1010" assigned at the transmitting end from the 10-bit word 
string data DZ. In this case, the word synchronous data 
detection unit 36 is adopted to conduct 20 bits synchronous 
detection based on the fiber channel standard and it detects 
"001111 1010" as the 10-bit word synchronous data having 
the plus RD countering in serial data DZ, and "011101 0100" 
or "100010 1011" as the 10-bit neutral auxiliary word data 
DN (10) following said word synchronous data +DS (10). 

As shown in FIGS. 6 and 7, word string data to be 
assigned is arranged in the order of -DS (10) and +DS (10), 
or +DS (10) and -DS (10) depending upon plus or minus of 
the RD of the immediately preceding word data of the area 
replaced by the word synchronous data. Accordingly, in the 
serial data DZ which is formed by multiplexing the word 
synchronous data and neutral auxiliary word data DN (10), 
+DS (10) and -DS (10) certainly exist having the 10-bit 
neutral auxiliary word data DN (10) between. 

Accordingly, if 20-bit synchronous detection is conducted 
in the word synchronous data detection unit 36, 20-bit data 
formed in combination of word synchronous data +DS (10) 
and neutral auxiliary data DN (10) can be certainly detected. 
The word synchronous data detection unit 36 thus detected 
the word synchronous data +DS (10) cuts out the serial data 
DZ per 10 bits by the dividing timing signal SD obtained 
based on the word synchronous data +DS (10), and 
simultaneously, distributes said cut out 10-bit data between 
the first channel and the second channel alternately. 

The 10-bit word string data DZA put in the first channel 
and the 10-bit word string data VTB put in the second 
channel will be supplied to the bit conversion unit 33 (FIG. 
9). The bit conversion unit 33 is comprised of a 10--8 bit 
conversion unit 34 and a 10-8 bit conversion unit 35 for 
example. The 10-bit word string data DZA to be obtained 
from the S/P conversion unit 32 and word clock will be 
supplied to the 10-8 bit conversion unit 34, and the 10-bit 
word string data DZB to be obtained from the S/P conver- 
sion unit 32 and the word clock will be supplied to the 
10-8-bit conversion unit 25. 

In the 10-8 bits conversion unit 34, 10-8 bits conversion 
is applied to the 10-bit word string data DZA, and the 10-bit 
word string data DZA is converted to the 8-bit word string 
data DXA. Moreover, in the 10-^ bits conversion unit 35, 
10-8 bits conversion is applied to the 10-bit word string data 
DZB and 10-bit word string data DZB is converted to the 8 
bit word string data DXB. 
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The 8-bit word string data DXA obtained from the 10-8 
bits conversion unit 34 in the bit conversion unit 33 and the 
8-bit word string data DXB formed in the lOS bits con- 
version unit 35 of the bit conversion unit 33 are supplied to 
data reproduction unit 37. And the word synchronous detec- 
tion output signal DS obtained from the word synchronous 
data detection unit 36 is supplied to the synchronizing pulse 
forming unit 38. In the synchronous pulse forming unit 38, 
horizontal synchronizing pulse signal PS synchronized with 
the detection output signal SDS obtained when the 10-bit 
word synchronous data +DS (10) having plus RD, i.e., 
"1001111 1010", is detected per the part corresponding to 
the horizontal blanking interval in the horizontal interval 
part of the word synchronous data detection unit 36 is 
formed. Then, the horizontal synchronizing pulse signal PS 
obtained from the synchronizing pulse forming unit 38 will 
be supplied to the data reproduction unit 37. 

The data reproduction unit 37 is comprised of such as a 
data separation imit 39 and a data separation unit 40 as 
shown in FIG. 9. The 8-bit word string data DXA obtained 
from the 10-8 bits conversion unit 34 of the bit conversion 
unit 33 and the horizontal synchronizing pulse signal PS 
obtained from the synchronizing pulse forming unit 38 will 
be suppUed into the data separation unit 39 and furthermore, 
the 8-bit word string data DXB obtained from the 10-8 bits 
conversion unit 35 in the bit conversion unit 33 and the 
horizontal synchronizing pulse signal PS obtained from the 
synchronizing pulse forming imit 38 will be supplied into 
the data separation unit 40. 

In the data separation unit 39, as well as EAV (end of 
active video) based on the horizontal synchronizing pulse 
signal PS is added to the 8-bit word string data DXA in 
which 2 word synchronous data DS (8) are applied to the 
part corresponding to the horizontal blanking interval in 
each horizontal interval part, data separation is provided 
under the horizontally synchronized condition, 8-bit word 
string data DVA showing image signal information and 8-bit 
word synchronous data DS (8) are separated from the 8-bit 
word string data DXA and these DVA and DS (8) are 
transmitted to data terminals 42 and 43 respectively. 

Furthermore, in the data separation unit 40, as well as 
EVA and SAV based on the horizontal synchronizing pulse 
signal PS are added to the 8-bit word string data DXB in 
which 2 auxiliary word data DN (8) are applied to the part 
corresponding to the horizontal blanking interval in each 
horizontal interval part, data separation is applied under the 
horizontally synchronized condition, 8-bit word string data 
DVB showing image signal information and 8-bit auxiliary 
word data DN (8) are separated from the 8-bit word string 
data DXB and these are transmitted to data terminals 44 and 
45 respectively. 

In the example of receiving device shown in FIG. 8 and 
FIG, 9, the word synchronous data detection to the 10-bit 
word string data DZA that is obtained from the composite 
10-bit word string data DZ received will be executed by only 
detecting the 10-bit word synchronous data +DS (10) having 
plus RD, i,e., "001111 1010" and not detecting the 10-bit 
word synchronous data -DS (10) having minus RD, i,e., 
"001111 0101". Even under such condition, since the 
received composite 10-bit word string data (serial data) DZ 
is arranged in the order that the 10-bit word synchronous 
data +DS (10) having plus RD, i.e., "001111 1010" is 
succeeded by "110000 0101", or the 10-bit word synchro- 
nous data -DS (10) having minus RD, i.e., "110000 0101" 
is succeeded by "001111 1010", and these are replaced 
having neutral auxiliary word data DN (10) between 
respectively, word synchronous data detection at each part 
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corresponding to the horizontal blanking interval in each 
horizontal interval part of 2 channels of image signal infor- 
mation multiplexed to the composite 10-bit word string data 
(serial data) DZ can be certainly conducted, and as a result, 
in 2 channels of 10-bit word string data separated from the 5 
composite 10-bit word string data (10) DZ, i.e., DZA and 
DZB, the word synchronization can be certainly conducted 
at each horizontal interval. 

Since in the receiving device, even though the word 
synchronous data detection to the 10-bit word string data 
DZA obtained from the composite 10-bit word string data 
DZ detects only the 10-bit word synchronous data -DS (10) 
having minus RD, i.e., "1110000 0101" and not detect the 
10-bit word synchronous data +DS (10) having plus RD, i.e., 
"1001111 1010**, the received composite 10-bit word string 15 
data DZ is inserted in the order that the 10-bit word 
synchronous data +DS (10) having plus RD, i.e.. "11001111 
1010" and the 10-bit word synchronous data -DS (10) 
having minus RD, i.e., "110000 0101" are so arranged that 
"001111 10101" is succeeded by "110000 0101" or "110000 20 
0101" is succeeded by "001111 1010" at the part corre- 
sponding to the horizontal blanking interval in each hori- 
zontal interval part, the word synchronous data detection in 
every part corresponding to the horizontal blanking interval 
in each horizontal part of the composite 10-bit word string 25 
data (serial data) DZ can be certainly conducted and as a 
result, it is assumed that the word synchronization has been 
certainly conducted on 2 channels of 10-bit word string data 
DZA and DZB separated from the composite 10-bit word 
string data (serial data) DZ at horizontal intervals. 

In said example shown in FIGS. 1, 2, and 3, the composite 
10-bit word string data DZ obtained from the 10-bit word 
string data forming unit 20 is converted to optical signal LZ 
by the optical transmission unit 25 and to be transmitted 
through the data transmission path 26 formed by using 
optical fiber. However, in the data transmission device 
according to this invention, the composite 10-bil word string 
data equal to the composite 10-bit word string data DZ may 
be transmitted directly, such as via the data transmission 
path formed by a coaxial cable, or via wireless transmission. 

Furthermore, the embodiment described above in FIGS. 
1, 2 and_3 has dealt with the case of transmitting 2 channels 
of image signal information. However, the present invention 
can be applied tp the case of transmitting one channel or 
more than three (3) channels, provided that the word syn- 
chronous data +DS (10) and -DS (10) and the neutral 
auxiliary word data DN (10) are ananged on a part of 
transmission data, and furthermore, the signal to be trans- 
mitted is not only limited to image signal, but also the 
present invention can be applied to the case when transmit- 
ting other various data. 
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INDUSTRIAL APPLICABILITY 

The present invention can be utilized in the case where the 
word synchronization is conducted at horizontal intervals at 
the receiving end when transmitting image signal. 

What is claimed is: 

1. A data transmission method, comprising the steps of: 
inputting data including video data, EAV and SAV; 

bit converting said inputted data to fibre-channel packet 
data of 10-bit words, said fibre-channel packet data 
inserts 10-bit word synchronous data having preset 
codes at a predetermined timing, at least two said 10-bit 
word synchronous data are inserted in said fibre- 
channel data, if the immediately preceding word data is 
data having a plus running disparity, said 10-bit word 
synchronous data is data having a minus running 
disparity, and if the immediately preceding word is 
word data having a minus running disparity, said 10-bit 
word synchronous data is data having a plus running 
disparity; 

serial data converting said fibre -channel packet data; and 
transmitting said serial converted said fibre-channel 
packet data. 

2. The transmission data according to claim 1, said 
fibre-channel packet data further inserts neutral word data 
having a neutral running disparity between said two 10-bit 
word synchronous data. 

3. A data transmission apparatus comprising: 

an input means for inputting data including video data, 
EAV and SAV; 

a fibre-channel packet data forming means for forming 
said data to fibre-channel packet data of 10-bit words, 
said fibre-channel packet data inserts at least two 10-bit 
word synchronous data having preset codes at a pre- 
determined timing, if the immediately preceding word 
data is data having a plus running disparity, said 10-bit 
word synchronous data is data having a minus mnning 
disparity, and if the immediately preceding word data is 
data having a minus rurmiag disparity, said 10-bit word 
synchronous data is data having a plus running dispar- 
ity; and 

- serial-data converting means for converting said fibre- 
channel packet data to serial data and for outputting - 
said serial data. 

4. The transmission data apparatus according to claim 3, 
wherein said fibre-channel packet data forming means fur- 
ther inserts neutral word data having a neutral running 
disparity between said two 10-bit word synchronous data. 

itt * 4e « « 
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